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Abstract: This is the first report of the chromosome karyotype of P. anomala from the Altai populations . The populations 
sampled from the Altai region of Xinjiang, China, are diploid (2n=10), with the 2A type karyotype and the karyotypic 
formula of 2n=2x= 10 = 6m + 2sm+ 2st . Based on karyotypic and asymmetric parameters, i. e., mean arm ratio, ra- 
tio of longes€&hortest chromosanes (LÆ), coefficient of karyotypic overall asymmetry (CKOA), it was found that there 
was no apparent differentiation in karyotype features among all the three sections of the genus Paeonia, although some 
slight karyotypic differences were found between the woody section (Sect. Moutan DC .) and the herbaceous sections 
(Sect. Onaepia Lindley and Sect. Paeonia) . The diploid status of the P.anomala populations, revealed in this study, 
implies that the species, assumed as interspecific hybridization origin, may add to the handful examples of hamoploid hy- 
brid speciation in angiosperms . 


Key words: Paeonia, Paeonia anomala; Karyotype; Coefficient of Karyotypic Overall Asymmetry (CKOA) 


The genus Paeonia L ., with chromosomes large DC ., Onaepia Lindley and Paeonia, with a total of 
in size but low in number, has attracted considerable ca . 30 species (Hong et al, 2001) distributed in the 
cytologists and cytogenetists attention since the 1930 Northern Hemisphere . Among the species cytologically 


s . The genus is divided into three sections, Moutan studied, all of those in sects. Moutan and Onaepia are 
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diploid (2n = 10, Dark, 1936; Stebbins et al, 
1938 and 1939; Stem, 1946; Delay, 1947; Ga- 
jewski, 1948; Okada et al, 1979; Li, 1982), 


while those in Sect. Paeonia are either diploid or tetra- 
ploid (2n=20) (Dark, 1936; Stern, 1946; Sopo- 
va, 1971; Hong et al, 1988), except two species 
where both diploid and tetraploid were found intraspe- 
1971; Hong et al, 1988) . How- 


ever, due to lack of a universal parameter to measure 


cifically (Sopova, 


the karyotypes, not all species reported have been suf- 
ficiently analyzed karyotypically so far . Among the 
well-analysed species the comparisons were made most- 
ly between diploids and tetraploids, or between two 
sections (Tzanoudakis, 1983; Punina, 1987; Hong 
etal, 1988; Zhang and Hou, 1996) . 

Paeonia anomala L . is distributed in Xinjiang of 
northwestern China, northeastern Kazakhstan, and 
northern Mongolia and eastern of Russia (Hong et al, 
2001) . The accessions from northern Xinjiang were 
once misidentified as P. sinjiangensis Pan ( Pan, 
1979) but later were replaced (Hong, 2004) . In the 
molecular systematic studies, Sang and Zhang (1999) 
speculated that the populations of P. anomala (under 
the name of P. sinjiangensis) distributed along Altai 
Mountains, Xinjiang, were interspecific hybrids . Be- 
cause the Altai populations showed heterozygosity at 
Adhl and Adh2, and were well isolat- 


ed with a sympatric diploid species, P. intermedia 
Table 1 


nuclear genes, 


No. Population Chrosome number Absolute .length (Um) 


1 13.35 2.09 

I 2 11.00 2.05 

Population 1: XJ021 3 9.90 1.72 
I 4 9.684 1.29 

Il 5 8.2840.85 

1 12.22+ 1.21 

I 2 10.39 0.76 

Population 1: XJ027 3 9.25+0.58 
I 4 9.14+ 0.41 

HI 5 8.36 0.44 

1 11.73 1.67 

I 2 10.31 1.08 

Population 2: XJ034 3 9.204 1.44 
II 4 8.4141.05 

ll 5 7.794 1.32 


* Chr . Type: Chromosome type, classified according Stebbins (1971) 


(Hong et al, 1994), they suggested that the Altai 
populations of P. anomala ( P. sinjiangensis) were 
possibly allotetraploid, although the ploidy level Xin- 
jiang s populations of P. anomala was then not known . 
This paper is to report the chromosomal number and the 


Karyotype of the Altai populations of P. anomala . 


Materials and Methods 

Two populations of Paeonia anomala L . involved in this 
study were collected from Altai District, Xinjiang, China . One 
population (XJ021 and XJ027) was collected from Hanasi Nature 
Reserve (0 0 UO UU UO ), Buerjin County (O O O 
O ), and another (XJ034 ) from Baihaba Holiday Village ({] [J 
[} 0} O00 ), Habahe County (O O O O ). All the vouchers 
are preserved in the Herbarium, Institute of Botany, the Chi- 
nese Academy of Sciences, Beijing (PE) . 

Flower buds used for chromosome study were fixed by 
Carnoy s solution | 


middle of May, 2002. After fixation, the flower buds were 


(absolute ethanol: acetic acid =3 1) in 


transferred into 70% alcohol for long-term preservation . The 
chromosome slides were prepared using conventional squashing 
methods and stained by modified Carbol fuchsin . The micro- 
graphs were taken under Leitz Orthoplan microscope using 100x 
oil lens . At least five cells were calculated from each individual, 
and the results were shown in Table 1 and 2 . The classification 
of karyotypes followed Stebbins (1971) . Additional parameters 
measuring karyotype asymmetry, i. 
typic Overall Asymmetry (CKOA) and longest chranosom@hort- 


e., Coefficient of Karyo- 


est chromosome ratio (LÆ) were calculated according to Zhang 
(1998) . 


The parameters of chromosomes in Paeonia anomala 


Relative length Arm ratio Chr. Type * 
14.61 + 10.96 = 25.57 1.367 0.237 m 
12.36 +8.71 =21.07 1.370 0. 267 m 
10.39 +8.58 = 18.97 1. 228+ 0. 263 m 
12.66 +5.87 = 18.53 2.158 0.224 sm 
12.17+3.69 = 15.86 3. 300+ 0. 307 st 
13.63 + 11.05 = 24.68 1.244+ 0. 169 m 
11.99 +9.05 =21.04 1. 346+ 0. 239 m 
10.40+ 8.36 = 18.76 1.241 0. 137 m 
12.29 + 6.26 = 18.55 1.959+ 0.191 sm 
13.03 +3.94 = 16.97 3. 374+ 0. 640 st 
13.51 + 11.21 = 24.72 1.219+ 0. 193 m 
11.74 + 10.04 = 21.78 1.178 0. 129 m 
10.69 +8.69 = 19.38 1.242 + 0. 158 m 
11.32 +6.40 = 17.72 1.821 0.330 sm 
11.85 +4.55 = 16.40 3. 088+ 0. 303 st 
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Table 2 The karyotypic characters of the species reported in three sections of Paeonia 
Taxon Le, Karyotype formula Type CKOA RF 
Sect. Moutan: Subsect. Vaginitae 
P. osti T . Hong & J . X . Zhang 1.4 2n=2x= 10=6m(3SAT) + 2sm(1SAT) + 2st(2SAT) 2A 0.248 Zhang and Hou, 1996 
* P. jishanensis T Hong & W Z Zhao 1.4 2n=2x= 10=6m(2SAT) + 2sm(2SAT) + 2st(2SAT) 2A 0.247 Hong etal, 1988 
* P . decomposita subsp. decomposita 1.4 2n=2x= 10=6m+ 2sm + 2st 2A 0.233 Hong etal, 1988 
P. suffruticosa 1.4 2n=2x= 10=6m(1SAT) +2sm(1SAT) + 2st(2SAT) 2A 0.221 Hong etal, 1988 
Sect. Onaepia 
P. californica 1.3 2n=2x= 10= 6m + 2sm + 2st(2SAT) 2A 0.250 Stebbins and Ellerton , 1939 
P. brownii 1.8 2n=2x= 10= 6m + 2sm + 2st(2SAT) 2A 0.273 Stebbins and Ellerton , 1939 
Sect. Paeonia: 1 . subset. Paeonia 
P. anomala (XJ021) 1.6 2n=2x= 10=6m+ 2sm + 2st 2A 0.245 In the text 
P. anomala (XJ027) 1.5 2n=2x= 10=6m + 2sm + 2st 2A 0.230 In the text 
P. anomala (XJ034) 1.5 2n=2x= 10=6m + 2sm + 2st 2A 0.198 In the text 
P. lactiflora 1.5 2n=2x= 10=6m(2SAT) +2sm(1SAT) + 2st( ISAT) 2A 0.214 Hong etal, 1988 
P. veitchii (PB85091 - 1) 1.6 2n=2x= 10=6m(4SAT) + 2sm(1SAT) + 2st(2SAT) 2A 0.224 Hong etal, 1988 
P. veitchii (PB85065 ) 1.5  2n=2x= 10=6m(1SAT) + 2sm(1SAT) + 2st( ISAT) 2A 0.274 Hong etal, 1988 
P. clusii ssp. clusii (P.1) 1.5  2n=2x= 10=6m(1SAT) + 2sm(1SAT) + 2st( ISAT) 2A 0.232  Tzanoudakis, 1983 
P. clusii ssp. clusii (P .4) 1.5 2n=4x=20=12m+ 4sm+ 4st( ISAT) 2A 0.230 ‘Tzanoudakis, 1983 
P. peregrina (P .27) 1.9 2n=4x=20= 12m(1SAT) + 4sm(1SAT ) + 4st (2SAT ) 2A 0.232  Tzanoudakis, 1983 
2 . Subsect. Foliolatae 
P. mairei (PB85023 -2) 1.6 2n=4x=20= 12m + 4sm + 4st(4SAT) 2A 0.223 Hong etal, 1988 
P. obovata (PB85078) 1.6 2n=2x= 10=6m(2SAT) + 2sm(2SAT) + 2st(2SAT) 2A 0.263 Hong etal, 1988 
P. obovata (PB85068) 1.9 2n=4x=20= 12m + 4sm( ISAT) + 4st(3SAT) 2A 0.217 Hong etal, 1988 
P. obovata (PB8524 -4) 2.8 2n=4x=20= 12m+ 4sm + 4st(4SAT) 2B 0.175 Hong et al, 1988 
P. mascula ssp. mascula (P.15) 1.5 2n=4x=20=12m+ 4sm + 4st 2A 0.234  Tzanoudakis, 1983 
P. mascula ssp. russoi (P.18) 1.5 2n=2x= 10=6m(2SAT) +2sm(1SAT) + 2st(2SAT) 2A 0.229 Tzanoudakis, 1983 
L, = the longest chromosome; L, = the shortest chromosome; CKOA: Coefficient of Karyotypic Overall Asymmetry; RF: Reference 


* 


Results 


P . decomposita subsp. decomposita, in the original reference as P. szechuanica; 


Discussion 


P. jishanensis, in the original reference as P. suffruticosa var. papaveraea . 


The two populations studied are diploid, 2n= 10 
(Fig. 1) . The materials used for karyotypic analyses 
were XJ021 (Population 1), XJ027 ( Population 1) 
and XJ034 (Population 2), representing two popula- 
tions . The karyotype formulas are shown in Table 1 
and 2 . The 
lations is found on chromosome 3 and chromosome 4 
(Table 1) . 

The CKOA values were different in the two popu- 


difference between these two popu- 


lations . In the two individuals of Population 1, the 
CKOA was 0.245 and 0.230, respectively, while that 
of Population 2 was 0.198 . Generally, the karyotype 
of P. anamala was similar to the species previously re- 
ported in the genus, all belonging to 2A type . The 
chromosomes can be classified into three types: Type 
I: including chromosome 1 through 3, was metacen- 
tric (m) . Type H: including only chromosome 4, 
was submetacentric (sm), and Type III: including 


only chromosome 5, was subtelocentric (st) . 


This was the first report of the karyotype of the 
Altai populations of P. anomala . Because of the pre- 
vious taxonomic confusion of this species, especially 
with P. intermedia, the study added valuable informa- 
tion to the completion of cytological data of the genus 
Paeonia . 

We synthesized the karyotypic parameters of all 
reported species (Table 2) , and found that the karyo- 
types were highly consistent in all the species of the ge- 
nus. In addition, the arm ratio of Chromosome 1 of 
Sect . Moutan (1.43 - 1.60) is similar in all the spe- 
cies but does not overlap with that of Sect . Paeonia 
(1.12 - 1.37), agreeing with Hong et al (1988) . 
Meanwhile, the arm ratio of Chromosome 1 in Sect. 
Onaepia (1.13 - 1.20) does not overlap with that of 
Sect . Moutan either . This result further confirms that 
the woody section (Sect . Moutan) has apparently dif- 
ferentiated from the herbaceous sections (Sects . Paeo- 


nia and Onaepia) with respect to the arm ratio of these 
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chromosomes . The differentiation in karyotypes of the 1.4, in Sect . Paeonia LÆ, = 1.5, while in Sect . 


genus also exists in the ratio of the longest chromosom@ Onaepia, L#&., of P. californica is 1.3 and P. br- 


shortest one . In Sect. Moutan, the L, value is owni is I$. 
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1 P.anomala II 1, 4: XJO21; 2, 5: XJO27; 3, 6: XJ034. 
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Fig . 1 Meiotic anaphase II plates of P. anomala . 1, 4: XJ021; 2, 5: XJ027; 3, 6: XJ034. 


4, 5, 6 is Karyogram of 1, 2, 3, respectively . Bar = 5um 


In all the three sections of the genus, karyotypic the previous assumption of the allotetraploid origin of 


asymmetry varies slightly, showing similar CKOA val- the species . The rather conclusive molecular phyloge- 


ues (Table 2) . However, from the meiotic studies netic evidence gathered so far, however, does point to 
(Sax, 1937; Stebbins and Ellerton, 1939; Walters, a hybrid origin of the species (Sang et al, 1997; 
1942; Zhang et al, 1997), a great deal of abnormal Sang and Zhang, 1999) . The alternative hypothesis, 
meiotic configurations was found in all the individuals therefore, is that P. anomala is a diploid hybrid that 
observed, indicating that there existed many chromo- has happened to maintain heterozygosity at the Adh lo- 
somal structural variations in the genus . These phe- ci . Given that only handful examples of well-docu- 
nomena are contradictory to the karyotypic consistence mented diploid hybrid species were reported so far in 
recognized in Paeonia . A better understanding of the flowering plants (Rieseberg, 1997), this may repre- 
contradiction requires further investigation . The study sent an interesting case of homoploid hybrid speciation 
raises a very interesting question regarding to the evolu- in Paeonia . The hypothesis needs further to test with 
tionary history of the Altai populations of P. anomala . phylogenetic data from more populations by nuclear 


The diploid status of the populations does not support genes of P. anomala . 
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